Background Catechol-().methyltransferase (COMT) catalyses the inactivation of catecholamines. It is widely distributed in most tissues in soluble (S-COMT) and membrane-bound (MB-COMT) forms. Recently, we used a new assay for COMT activity and demonstrated that COMT plays an important role in blood pressure regulation in spontaneously hypertensive rats. In order to investigate whether this is true for human hypertension, we have evaluated the erythrocyte COMT assay in humans. Method The assay procedure included the use ofnorepinephrine (NE) as a natural substrate and the quantification ofthe reaction product. normetanephrine, followed by high-performance liquid chromatography separation and fluorescence or chemiluminescence detection.
Introduction
Catechol-O-methyltransferase (COMT) is an enzyme that catalyses the inactivation of catecholamines, such as norepinephrine (NE; noradrenaline), epinephrine (adrenaline) and dopamine. to their 0-methylated metabolites with S-adenosyl-L-methionine (SAMe) as a methyl donor.' The enzyme is Widely distributed in most tissues, including human erythrocytes, both in soluble (S-COMT) and membrane-bound (MB-COMT) forms. The levels of COMT activities may be useful as biological indicators for assessing pathological conditions. An increase in COMT activity has been reported in the erythrocytes of patients with schlzophrenlav! and breast tumours." Similarly. we have reported that the COMT activity in spontaneously hypertensive rats was lower than that in Wistar-Kyoto rats," suggesting that COMT may play © 2002 The Association of Clinical Biochemists an important role in blood pressure regulation in animals. It is possible. therefore, that the inactivation of catecholamines by COMT activity could be used as a marker for evaluating human hypertension.
Several methods have been investigated for the assay of COMT activity in human erythrocytes. Including radiochemical technlques" and highperformance liquid chromatography (HPLC)-electrochemical detectton.c !" However, both methods have drawbacks; the former is hazardous because of the use of a radiolabelled methyl donor. while the latter employs artificial substrates such as 3,4-dihydroxybenzoic acid (DBA),i-8 3.4-dihydroxybenzylami ne 'J and 2-(3.4-dihydroxyphenyl)naphtha[1. 2-d] thiazole,1O and the results may not be extrapolated to physiological functions in humans. We therefore attempted to develop an assay of COMT activity for human samples.
In the course of our studies on the relationship between catecholamine metabolism and hypertension in rats,I1.12 we developed a method to assay COMT activity in rat erythrocytes. The method uses NE as a substrate and quantifies normetanephrine (NMN), the product of the enzyme reactlon.'! Since COMT activity in human erythrocytes has been reported to be much lower than that in rat erythrocytes.F? we modified our previous method for the rat erythrocytes assay to make it applicable to human erythrocytes. 
Method Reagents

Preparation of human erythrocytes
Blood samples from 54 healthy volunteers (25-72 years. 33 men and 21 women) were collected at Yamada Medical and Health Care Clinic (Tokyo. Japan). All volunteers provided informed consent. Venous blood was drawn into EDTA tubes. After centrifuging at 1500 [J for 10 min at 4 uC. plasma containing platelets was discarded. All further procedures were carried out at 4"C. The sediment of erythrocytes was washed three times with twice their volume of cold 0 '9'Yrl NaCI and centrifuged at 1500 [J for 10 min each time. The washed erythrocytes were lysed in five times their volume of ice-cold water. The tubes were then centrifuged at 2000 9 for 10 min and the sediment removed.
The supernatant resulting from centrifugation at 20000 9 for 120 min at 4 "C was saved as the S-COMT fraction. The pellet was washed twice in 10 mmol/L sodium phosphate buffer (pH 7-4). The supernatant was removed and the pellet was suspended in 100 mmol/L sodium phosphate buffer (pH 7-4) for the MB-COMT fraction. Fractions were frozen at -80 
High-performance liquid chromatography conditions
Soluble catechol-O-methyltransferase activities were determined by measuring the amount of NMN formed from NE with the HPLC-fluorescence detection system. For the assay of MB-COMT activity, the HPLCperoxyoxalate chemiluminescence detection system" was needed. First, amines including NE and NMN were extracted with a cation-exchange column. Norepinephrine and NMN were then separated on an 
Optimization of reaction conditions
The linearity of the reaction was determined by varying the incubation time (15-120 min) or the amount of protein (0'5-3 mg and 0,005-0,025 rng for S-and MB-COMT. respectively). Other conditions including pH in 50 mmol/L sodium phosphate buffer. concentrations of magnesium. NE and SAMe were optimized for S-and MB-COMT reactions.
Validation of method
The intra-day assay precisions were evaluated by analysing the same human erythrocytes samples five consecutive times. The inter-day assay precisions were estimated by repeated determinations of COMT activity in frozen aliquots of identical samples on five successive days.
For estimation of accuracy. aliquots of S-or MB-COMT samples supplemented with 5. 10. 20 or 40 pmol of NMN (for S-COMT) or 100. 200. 400 or 600 fmol of NMN (for MB-COMT) were injected into the HPLCsystem. A calibration curve for relative peak heights to internal standards versus the amount of NMN used were obtained. Least-squares regression was used for calibration of the slope. intercept and correlation coefficient. The slopes of the curves of the standards were compared with the calibration curves as described above. Values of all data are presented as the mean [standard deviation (SD)].
Results and discussion
We developed a method for the assay of both S-COMT and MB-COMT activities in human erythrocytes using NE as a natural substrate. The method used a cationexchange pre-column for selective extraction of amines and selective fluorescence derivatization of catechols with ethylenediamine connected online. so that a high selectivity was attained. By using the chemiluminescence reaction. high sensitivity was achieved: the detection limit for NMN was 5 fmol. In a preliminary experiment. S-COMT activity in human erythrocytes was found to be measurable by use of fluorescence detection in HPLC. On the other hand. the amount of NMN produced by MB-COMT was so low that peroxyoxalate chemiluminescence detection was required.
Optimization of reaction conditions
In preparation of the rat erythrocyte S-COMT sample. blood lysate with water was centrifuged at 20 000 9 for 20 min. We found this procedure was not sufficient for separation of human erythrocyte S-and MB-COMT. and lengthened the centrifugation time to 120min.
Weexamined the effect of pH and Mgconcentrations on the enzyme reaction. and found the optimum pH. in 50 mmol/L sodium phosphate buffer. at 7·8 for both S-and MB-COMT. Both enzymes were stable at this pH for at least 120 min at 37°C.The Michaelis constants of Mg for S-and MB-COMT were calculated to be ()-l4 (0'03) mmol/L and 0'25 (0'03) mrnol/L, respectively (n=3). Therefore. we selected 2 mmol/L of Mg for both COMTs. the same concentration which had been used for rat erythrocyte COMTs.
The linearity of NMN production with respect to incubation time and protein concentration was examined using I:5 mmol/L and 60 Ilmol/L of NEfor S-and MB-COMT. respectively. At a fixed amount (40 ilL) of enzyme. both S-and MB-COMT reactions proceeded linearly for at least 120 min (see Fig. 1 ). We therefore selected the reaction time of 120 min for the assay. Then. we examined the linearity as for protein concentrations. and found a linear increase of NMN production with S-and MB-COMT up to 3-O mg and 25 Ilg of protein. respectively (see Fig. 2 ). Based on these results. we used a 40 ilL aliquot of lysate which contained about 2 mg and 20 Ilg of protein in S-and MB-COMT fractions. respectively. Figure 3 shows typical chromatograms obtained from the reaction with human S-COMT and MB-COMT samples. Normetanephrine. the product of the enzyme reaction. eluted at the retention time of 174 min and was clearly separated from the peak of NE. the substrate in excess. To obtain good precision for the assay. 4-MT was added as the internal standard after the incubation. No interfering peaks were observed at the same retention time in the human COMT samples.
Validation of method
The recovery of NMNadded to the incubation mixture was 94·4'X. and 99·5% for S-and MB-COMT. respectively. The intra-day assay precisions were 2·72% and 2·80% for S-and MB-COMT. respectively (n=5). The inter-day assay precisions were 6·23% and (,.8S'Yc, for s-and MB-COMT. respectively (n= 5).
K m values for norepinephrine S-adenosyl-L-methionlne
Representative Lineweaver-Burk plots are shown in Fig.4 . The K m values for NEcalculated from these plots were 91'3 (14'1) Ilmol/L and 11·7 (H) Ilmol/L for S-and MB-COMT. respectively (n==6). These results 
Catechol·O·methyltransferase activities in human erythrocytes
The indicate that MB-COMT has higher affinity for NE than S-COMT,which was similar to rat erythrocytes. 13 In contrast, other studies using artificial substrates such as DBA and 2-(3,4-dihydroxyphenyl)naphtha-[1,2-d]thiazole showed that there was no difference in affinities for the substrates between S-COMT and MB-COMT.7.9.1(' Therefore, it is reasonable to expect that the results obtained by our present assay using NE, a natural substrate, reflected more physiological performance of S-and MB-COMT in the human body.
It is interest to note that the K m value of NE for S-COMT in human erythrocytes was one-fourth that in rat erythrocytes, whereas the K m value for MB-COMT in rat erythrocytes was similar to that in (a) (a) using DBA as a substrate for human erythrocyte sand MB-COMT. respectively (n= 10). Similar values, 0·5 and 6·8 pmol/mln/tmg protein), were reported for S-and MB-COMT by Ellingson et aJ.9 (n=47). The reason for the discrepancy between these data and our own is not clear, but is most probably differences in the substrates used.
We previously reported.l ' using the same substrate (NE), that S-and MB-COMT activities in rat erythrocytes were 22·9 and 4·62 pmol/mln/tmg protein). respectively. which were 470 and 13 times higher than those in human erythrocytes. respectively. Thus. the ratio of S-COMT activity to MB-COMT activity reversed in human erythrocytes compared with rat erythrocytes, which mayor may not rellect differences in their roles in humans and in rats.
Conclusion
We have established a method for the assay of both S-COMT and MB-COMT activities in human erythrocytes using NE as a physiological substrate. This method might be useful for elucidating catecholamine metabolism in the physiological state and for assessing pathological states.
